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Abstract: u u 

[PURPOSE]: To reduce the resistance between the base and the emitter by shortening 
the distance between the emitter region and a graft base region 

[CONSTITUTION]: A base region (3) is formed in the surface area of an n-type silicon 
substrate (1), and graft base regions (5) are formed on both sides of it, and an emitter 
region (6) is formed in the base region (3). The polysihcon film on the graft base region 
is constituted of a high-concentration base polysilicon film (4a) and a low-concentration 
base polysihcon film (4b). At patterning of these polysilicon films, the high- 
concentration polysilicon film is high in etching rate, so the polysilicon fihn (4a) is side- 
etched greatly. Ions are implanted into the emitter region, with the photo resist mask used 
at etching left. 




1 . N-type silicon substrate 

2. Insulator film 

3. Base region 

4a: High-concentration base polysilicon film 
4b: Low-concentration base polysilicon film 
5. Graft base region 

6 Emitter region 

7 Insulator film 

8 Base electrode 

9 Emitter electrode 




Claims 

[Claim 1]: 



The sem conductor device is made as follows: the graft base regions are set around the 
base region the polycrystalline silicon film is set on the aforementioned graft base 
regfons and the emUter region is set on the surface regions on the aforementioned base 



regions It has the configuration characteristics of the aforementioned polycrystalhne 
siUcon film made of two parts: the first polycrystalline film being shaped like a pnsmoid 
(truncated pyramid) the bottom surface of which touches the base region, and the second 
polycrystalline fihn forming a plane-platform shape on top of the first polycrystalline 
film. 

Detailed Explanation of the Invention: 

[0001] 

Industrial Field of Application: 

This invention pertains to a semiconductor device, especially a semiconductor device 
which includes a high-speed operation bipolar transistor. 

[0002] 

Prior Art: ^ , • , _ w 

Figure 3 shows the cross section of the conventional high-firequency bipolar transistor. 
The figure shows n-type silicon substrate (1) configuring collector regions, the insulator 
film (2) p-type base region (3), the high-concentration base polysihcon film (4), the 
graft base region (5) made of high-concentration p-type region bemg formed on both 
sides of base region (3), the emitter region (6a) which is the high-concentration n-type 
region, the insulator film (7a), the base electrode (8a), the emitter electrode (9a), and 
high-concentration emitter polysilicon film (10). 

It is necessary to reduce the resistance between the emitter and the base as much as 
possible in order to accomplish high speed operation of a transistor. The distance 
between the emitter region and the graft base region needs to be shortened, which was 
accompHshed by scaling down the size of the transistor or thinning the insulator fihn (7a). 

[0004] 

Problem that the Invention Solves: ^ r- ^ u 

In the conventional transistor mentioned above, the emitter region (6a) is formed by ion 
implantation on top of the polysilicon; however, the ion implantation cannot be done for 
the entire surface of the emitter opening area due to the thick polysilicon film formed 
around the emitter opening area. Therefore, for instance, when the thickness of the 
insulator film (7a) is 1000 A (100 nm} and the polysilicon film (4) thickness is 2000 A, 
the distance between the emitter region and the graft base region would be 3000 A; then 
the resistance between the base and the emitter would be high. 

[0005] 

Means of Solving the Problem: 

In this invention, the graft base region is configured around the base region, the 
polycrystalline silicon film is created on top of the graft base region, and the emitter 
region is configured within the base surface region. Its configuration characten sties of 
the aforementioned polycrystalline silicon film is that it is made of the first 
polycrystalline film being shaped like a prismoid (truncated pyramid) the bottom surface 



of which touches the base region, and the second polycrystaUine film forming a plane- 
platform shape on top of the first polycrystaUine film. 

[0006] 

Working Example: 

This invention is explained using the illustrated working examples. Figure 1 (a) is the 
plane view of the working example and Figure 1 (b) is its cross section along the A-A 
Hne. This semiconductor device in this working example is created as follows. SiOz is 
deposited using CVD method inlSOO A thickness onto n-type silicon substrate to form 
the insulator film (2) and transistor formation points are opened on the insulator film (2 ) 
using the photo etching method. 

[0007] 

Base region (3) with the impurity concentration rate of lO^^cm'^ is formed by implanting 
boron ions with the insulator film (2) as mask. Subsequently polysilicon is deposited and 
the boron is implanted to 5 X lO^^cm'^ concentration to form the high-concentration layer. 
Another layer of polysilicon is then grown and implanted with boron ions to 10 cm' 
concentration to form the low-concentration layer. 

[0008] 

The photo resist mask, covering the opening of insulator film (2) excluding the emitter 
formation region, is formed next. The high-concentration base polysiUcon film (4a) and 
low-concentration base polysilicon fihn (4b) are formed by etching the polysiUcon film in 
nitric acid etching solution. Due to the difference in etch rate caused by the difference in 
impurity concentration, high-concentration base polysilicon film (4a) forms the 
prismoidal shape. 

[0009] 

The emitter region (6) is formed by ion implantation of phosphorous with the 
aforementioned photo resist mask. After the photo resist mask is removed, the boron in 
the high-concentration base polysilicon film (4a) is diffiised by a thermal process for the 
formation of the graft base region (5) as well as the low resistance of the low- 
concentration base polysiUcon film (4b). 

[0010] 

Using CVD method, Si02 film is deposited in 1000 A thickness and the insulator film (7) 
is formed only on the sides of the base polysilicon film (4a, 4b) using anisotropic dry 
etching. Al {aluminum} is deposited using an anisotropic ion deposition method. The 
Al deposited on top of the polysilicon film remains separate firom the rest of Al film. On 
this Al film, photo etching is done to form base electrode (8) and the emitter electrode (9). 

[0011] 

Figure 2 (a) shows the top plane view of the second working example of this invention. 
The figure 2 (b) shows its cross section view along the B-B line. The difference from the 
second* working example is that the insulator film (2) has tapered sides. In order to 
enable the high-speed transistor, the insulator film (2) needs to be thicker so that the 




parasitic capacitance of the emitter electrode {inter-electrode capacitance} is small. 
When the insulator film becomes more than 2000 A thick, there is the danger of the 
emitter electrode breaking at the plane gap. So to prevent this kind of breakage, the 
electrode has tapered sides in this example. 

{Translator's note: * ''...second working example... " seems incorrect, based on the 
context. The translator believes it should be read " ...first working example. '7 

[0012] 

So far the working examples show the preferred examples but this invention is not 
limited to these examples and can be modified as needed. For example, the insulator film 
(2) can be formed via LOCOS method and the polysiUcon film (4a, 4b) can be doped at 
the time of the film formation. 

[0013] 

The patterning of the polysilicon can be accomplished by using both anisotropic etching 
and isotropic etching methods. For example, anisotropic etching can be used to a certain 
point and can then be switched to isotropic etching. This method enables more precise 
control of the amount of side etching. The transistor shown in the working examples can 
be an individual part or an element of an IC (integrated circuit). When used in an IC, the 
embedded layer is configured. 

[0014] 

Effects of the invention: 

In this invention, the distance between the emitter region and the graft base region is 
determined by the amount of side etching on the base polysilicon film and, for example, 
the distance can be as small as 1000 A, Thus the resistance between the emitter and the 
base can be reduced and the high-speed operation of the transistor can be accompUshed. 
In this invention, the emitter electrode and the base electrode can be formed in self- 
alignment method and this contributes to the miniaturization of the semiconductor device. 

Legends of the Figures used in the working example: 

[Figure 1] Top plane view and cross-section view of the first working example of this 
invention 

[Figure 2] Top plane view and cross-section view of the second working example 
[Figure 3] The cross section view of the conventional device 

Legends of Symbols {in all figures}: 

1 : N-type silicon substrate 
2: Insulator film 
3: Base region 

4, 4a: High-concentration base polysihcon film 
4b: Low-concentration base polysilicon film 
5 : Graft base region 

6, 6a: Emitter region 

7, 7a: Insulator film 

8, 8a: Base electrode 



9, 9a: Emitter electrode 

10: High-concentration emitter polysilicon film 
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